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d'un régulateur capitald un régulateur capital

Daniel Gautheret

Que faut‐il pour qu'un microRNA fonctionnel s'exprime? Peu de choses en fait. Les enzymes qui 
forment les miRNA reconnaissent des structures tige‐boucle très fréquentes dans tous lesforment les miRNA reconnaissent des structures tige‐boucle très fréquentes dans tous les 
génomes et qui se retrouvent dans de nombreux transcrits. Je montrerai avec quelle facilité les 
microRNA apparaissent et disparaissent au cours de l'évolution, puis j'expliquerai comment on 
peut exploiter les méthodes de comparaison de structure pour tenter de mieux cerner l'essence 
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d'un microRNA. Je présenterai enfin notre serveur d'évaluation des candidats microRNA 
"miReval". 



What is a microRNA ?What is a microRNA ?

• Any transcript
– Pol II : Independent, intron, UTR, viral

– Pol III (from Alu elements)

• Rnase III (Pri‐miRNA Drosha / pre‐miRNA Dicer)p
– Rnase IIIs will cleave anything suitable

– See for instance pseudogene/gene hybrids (2 papers in p g /g y ( p p
Nature 2008)
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Easy made easy lostEasy made, easy lost

• Numerous non‐conserved, « species specific » 
miRNAs
– (cf apes studies)

– implies a fast rate of apparition / loss
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What does Drosha need?What does Drosha need?

• Section of at least 11 continuous bp flanking cleavage site

• At least 33bp overall

Han et al. 2006. Computational analysis of Drosha requirements 
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What does Dicer need?What does Dicer need?

• Unpaired positions at base 
of stem

• Basepair sequence 
unimportant

i l 2003 i i l• Lai et al. 2003: minimal pre‐
miRNA stem is 23bp long
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Zeng & Cullen 2003. Mutagenesis of pre-mir-30



In 3DIn 3D…

• 65A between PAS domain 
that recognize 3’ end and 
Rnase III domain. 

• ie. 25 nt 

• miRbase has 15bp precursors
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MacRae et al. 2004. Crystal structure of Dicer with model dsRNA 



Human genome: 
one 33bp stem every 10kb!

If 90% of the genome is transcribed (Encode): 

• >i|29806588|ref|NT_011519.10|Hs22_11676 Homo spiens hromosome 22 enomi oni, referene ssembly(1000001->2000000) 29 60001 128
• gtgcaggg atacagggctcctgtcccagctctg agcctgtcctgccatcccaggtgccccatctgcactctccagacttcatcccctgcaagg tggggctggggtatgggctctgcct gg ccctgccc
• >i|29806588|ref|NT_011519.10|Hs22_11676 Homo spiens hromosome 22 enomi oni, referene ssembly(1000001->2000000) 29 111735 116
• tcatgggtagtgcctgct gctggccccagggtt agggctgctcagccagtcctggctggaaaggatgaatgtcccacaagc agctttggggcctgc tt ggtgggagcagcccgagg

90% o t e ge o e s t a sc bed ( code)
150-300.000 potential miRNAs. Wow!

• >i|29806588|ref|NT_011519.10|Hs22_11676 Homo spiens hromosome 22 enomi oni, referene ssembly(1000001->2000000) 29 113267 156
• ttgtgctttggttttgct tttttagctacatgg tttatgtgaggtgcggacttacttgagttgctctgtctttacagggagcttgctttttctctgctggtttgttttcacttttgctgtct ctgtttagaagaaaa c attagaactggggtgtgg
• >i|29806588|ref|NT_011519.10|Hs22_11676 Homo spiens hromosome 22 enomi oni, referene ssembly(1000001->2000000) 29 144296 98
• catcct tttccaggggccagggctgcacacagg cctcccacgtccgtccaacagcagccttcct tttgtctgaggcctgggctcttgggag g aaggtg
• >i|29806588|ref|NT_011519.10|Hs22_11676 Homo spiens hromosome 22 enomi oni, referene ssembly(1000001->2000000) 29 161278 92
• gtgtcc gagacactttcaacagaaagtgaagac ctcaaagggagaagcatcttcaag gcttgtgttttttggtagaggtgtctt tg gggtac
• >i|29806588|ref|NT_011519.10|Hs22_11676 Homo spiens hromosome 22 enomi oni, referene ssembly(1000001->2000000) 29 240005 74
• ttgtgttgttt aatatttttattagatttggat gggtaa gtccaaagttgaaacagagatt ca aaacaacatga
• >i|29806588|ref|NT_011519.10|Hs22_11676 Homo spiens hromosome 22 enomi oni, referene ssembly(1000001->2000000) 29 416597 80
• tgctggca tccaggaacagagagtggattgcat gaacatggctacc atgcagttggttctctgctgctggg g tgcaggca
• >i|29806588|ref|NT 011519 10|Hs22 11676 Homo spiens hromosome 22 enomi oni referene ssembly(1000001 >2000000) 29 439681 141• >i|29806588|ref|NT_011519.10|Hs22_11676 Homo spiens hromosome 22 enomi oni, referene ssembly(1000001->2000000) 29 439681 141
• gggtgatggcgggtgggggta cagccttgtttt ggaaaaagtgccatagatggtgcagatgcaagcctctgattatgggcttcttccttctgccacatgtgtgatgt aagataaggatg c tatttttattggcttatattt
• >i|29806588|ref|NT_011519.10|Hs22_11676 Homo spiens hromosome 22 enomi oni, referene ssembly(1000001->2000000) 30 444584 129
• acctggtgcctgatgtccatttggaaactg gagt ccacctgggaactggcatacacctaagacatagtgttgagccggtgtttgatgtccaat gttc ac caggctccaggtggacaccgggcctcaggt
• >i|29806588|ref|NT_011519.10|Hs22_11676 Homo spiens hromosome 22 enomi oni, referene ssembly(1000001->2000000) 29 473167 147
• ggagggctggt ggcgggtggggtggggtggggt tggggcctccagcttctaatgttctaatgtgcaggggcttggcctgaccagtcctaccctggaacctttccaggccccat gtcctgctccgctgggcttgcc t gttgggattct
• >i|29806588|ref|NT_011519.10|Hs22_11676 Homo spiens hromosome 22 enomi oni, referene ssembly(1000001->2000000) 30 507654 113
• tatgtgcccacactccca tgtatgtgtgcctgag tatgaacatggtgtgaacacacacatacactcatgctcatgct catgagtatgtgtgca cg tggtggtgtgggtgcttg
• >i|29806588|ref|NT_011519.10|Hs22_11676 Homo spiens hromosome 22 enomi oni, referene ssembly(1000001->2000000) 29 574824 82
• attctttagttttgttttaatt aaaaaacaaaa ctcactccattctt ttttatttttt tt aattgaggtaagacttaagtct
• >i|29806588|ref|NT 011519.10|Hs22 11676 Homo spiens hromosome 22 enomi oni, referene ssembly(1000001->2000000) 29 759839 152>i|29806588|ref|NT_011519.10|Hs22_11676 Homo spiens hromosome 22 enomi oni, referene ssembly(1000001 >2000000) 29 759839 152
• gcca gggcctgccctccccgcccggcactcccc actcaccatcctacgcgggccccaaagctgtcgccttcatccacacggacctcccagagccaccgccctcgctgaccgtgcaga ggtgggtgccgggaggtgcgggtgggctt cc tggc
• >i|29806588|ref|NT_011519.10|Hs22_11676 Homo spiens hromosome 22 enomi oni, referene ssembly(1000001->2000000) 29 764966 94
• ggggcaggggcgcgcggggggcctgg gggctgg gctctgccgtgcagtcacctaccagag ctggcct g ccaggcccttggagcttcccagcttt
• >i|29806588|ref|NT_011519.10|Hs22_11676 Homo spiens hromosome 22 enomi oni, referene ssembly(1000001->2000000) 29 768893 162
• tgag tgagtggggcaggggctgccccctgctct ctgcatctctgagtgggatgggggctgccccctgctctctgcgtccctgagtgagtggggcgggggctgccccctgctctctgtgtccctgagt ggggtgggggctgccctctgctctctgtg tc cttg
• >i|29806588|ref|NT_011519.10|Hs22_11676 Homo spiens hromosome 22 enomi oni, referene ssembly(1000001->2000000) 30 778757 136
• tctcttagtattggggcaggtgggcagaac ctgt ctctcttcctgcctcactgggattgtggatgaccatggggttggctcaggagtctgccctgtgcct gcag at gttctggatatctgggctagtgttgggggg
• >i|29806588|ref|NT_011519.10|Hs22_11676 Homo spiens hromosome 22 enomi oni, referene ssembly(1000001->2000000) 29 866505 100
• gtgcatgcatgtgtggccg tgggtgtgcaggcg ggggcgaggacacagatatgcaccctcagagtc cgtgtgtgcaccca g tgtttgtgcatgtgcacac
• >i|29806588|ref|NT 011519.10|Hs22 11676 Homo spiens hromosome 22 enomi oni, referene ssembly(1000001->2000000) 31 885595 133_ _
• tggcct caggtatgtgcacaggtgtgaacacgcct tccacagagggcagtggacgtgcacatgcctcacacacactgtggcgcagggcaagtgtccc acatgtgttcatgcttgcgcacatgtcag t gggctg
• >i|29806588|ref|NT_011519.10|Hs22_11676 Homo spiens hromosome 22 enomi oni, referene ssembly(1000001->2000000) 29 888619 113
• ttatataaag tggtgaagtgtgattgcattcac ataaacagtggcatgttctgggatctagcagacaatcttaacttca ggaaatgcaatcatattttacta g ctttgagaaa
• >i|29806588|ref|NT_011519.10|Hs22_11676 Homo spiens hromosome 22 enomi oni, referene ssembly(1000001->2000000) 29 916516 120
• gtttctgggaacatgttcac attaggttgtgtg tgggtatgtgtgtattagggcgggggtggggtgaggtggtctgtgtgcaagtc tgcatgatttgct t gtgaatgtgtgtctatgtgt
• >i|29806588|ref|NT_011519.10|Hs22_11676 Homo spiens hromosome 22 enomi oni, referene ssembly(1000001->2000000) 29 978532 145
• gagagctggcaggtagtggagg ggccttgggag ctcctaggctgaacttggggctgtcctccaaggatccaggatggagggatggagctgggtcactcaaacctaaggcc tttctgggtct ag catttattgcttcctggcttct
• >i|29806588|ref|NT_011519.10|Hs22_11676 Homo spiens hromosome 22 enomi oni, referene ssembly(1000001->2000000) 29 974771 71
• tcctggctgcattct tgggctctcgttggcctg tatg tagtctggcgggacctca c atagtgcagtttggg
• >i|29806588|ref|NT_011519.10|Hs22_11676 Homo spiens hromosome 22 enomi oni, referene ssembly(1000001->2000000) 29 966125 120
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• tgtgttcctgtct cccagagtcatggcctccag aaggagccatgtggaggcccagcacctggagcagttctgaatgcctggcttc ttggaggccaaggttctagg ca aggtgggtatcca
• >i|29806588|ref|NT_011519.10|Hs22_11676 Homo spiens hromosome 22 enomi oni, referene ssembly(1000001->2000000) 29 909721 151
• gggcggtcctgtctgtc tcaccccgggggcggg gaggacgcagacagaccccagcgccactgctcggccgcggatggtgccttagacccaggtcctgtgggctctggcccgagacc cctgcctctggggagg cc ggtgaccgggacagtcc
• >i|29806588|ref|NT_011519.10|Hs22_11676 Homo spiens hromosome 22 enomi oni, referene ssembly(1000001->2000000) 29 706711 159
• ggggcccagg cctcctctgtctggaaggcttcc ctcctgtgccctctcttccactgcccaggccatgccagcccacctgaagcaaacattcagcacactctcctctcctccaaccctctctgcc gtgggctttgcagacggagggtg gc cctggatccc
• >i|29806588|ref|NT_011519.10|Hs22_11676 Homo spiens hromosome 22 enomi oni, referene ssembly(1000001->2000000) 29 693711 86
• agggtgagtgcgtgtactgtccgg ggggtatgt gcatcatctcggggggtga gtgtgttct g ccggggggtgagtgtgtgcactgt
• >i|29806588|ref|NT_011519.10|Hs22_11676 Homo spiens hromosome 22 enomi oni, referene ssembly(1000001->2000000) 29 652929 98
• ctgtgccgggctgggtacttgcaca cgtgtatg tacatgcatgtgtccctgtctgaggggtca tgtatatg ca tgtgtgtgtgcctgggcatgtgtag



QuestionQuestion

• Can we differentiate true miRNA precursor at the 
structural level alone? 

• We’ve tried to answer this using the structureWe ve tried to answer this using the structure 
comparision tool Rnaforester from Robert 
Giegerich’s labG ege c s ab
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‐ Take 1200 human RNA structures fromWashietl et al’s RNAz screenTake 1200 human RNA structures from Washietl et al s RNAz screen
‐ Cluster using RNAforester

microRNA

tRNA

rRNA

snoRNA

Diffuse hairpins
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« Diffuse hairpins »« Diffuse hairpins »

l h• Same average length 
as pre‐miRNA

• Same average ΔG g
• What’s special with 

them?
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Compare precursors / non‐precursorsCompare precursors / non precursors
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109 pre-miRsRNAforester Top 20 hits09 p e s

non-mir hairpins
miR candidate

Score=0 if diffuse
Score =1/rank if miR
Sum scores
Scale to 100

ty

1000 conserved hairpins from 
human genome

pre-mirs from miRbase, using 
d h i i ti

D
en

si
t

pre-mirs from miRbase, using 
random hairpins as negative 

t

conserved hairpin as negative 
set

set

Score
Conserved/expressed hairpins differ more from a pre-miRNA than
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Conserved/expressed hairpins differ more from a pre miRNA than 
random hairpins.  Expressed hairpins dodge the miRNA pathway!



Structure as a miRNA detection criteriaStructure as a miRNA detection criteria

• Set 1: closely related 
sequences

• Set 2: distant 
sequences (no 
primate or no  
Caenorhabditis)
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ConclusionsConclusions

– Compared to other genomic hairpins, miRNA 
precursors have 
• Shorter internal loops shorter bulges• Shorter internal loops, shorter bulges

• Fewer bulges

– Raw structure is an important part of ncRNA identityRaw structure is an important part of ncRNA identity 

– Expressed sequences tend not to resemble miRNA 
precursorsp
• Better for them 

• And for us !
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Homology‐search for new miRNAsHomology search for new miRNAs

• Blast?

• Other tools?
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ERPIN: 
Profile‐based RNA search

Training setTraining set

A:A
G:A
C:A
U:A
A:G

A
G
C

Helix profile 
(16 N)

Single-strand 
A:G
G:G
C:G
U:G

U
-

(16xN)

U U
...

profile (5xN)

Sb1,b2 = U:U

Search algorithm combines 
dynamic programming & profile 

h f i l t d d

,
log(Fb1b2 /Fb1xFb2)
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search for single strands and 
profile search for helices



D t t f hDataset for search

• 18 miRNA families from RFAM
– 10 sequences in average
– Aligned using CLUSTALW + basepair pred with 
RNAlifold

Institut de Génétique et Microbiologie 17



ERPIN vs WU‐BLASTERPIN vs WU BLAST

20 i l d• 20 animal genomes scanned
• Sensitive WU‐BLAST parameters (W=7)
• E value ≤ 0 01• E‐value ≤ 0.01

ERPIN WU-BLAST

43 (0) 41(9)212(5)
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New homologues of a miR ClusterNew homologues of a miR Cluster

miR17 cluster
ciona

Grey: initial training setciona
“E” indicates hits identified by 
ERPIN only,

“EB” indicates hits identified by 
both ERPIN and BLASTboth ERPIN and BLAST. 
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The mirEval webserverThe mirEval webserver
Ritchie & Gautheret, Bioinformatics 2008

• tagc.univ‐mrs.fr/mireval
– SVM+clustering+homology+conservation– SVM+clustering+homology+conservation
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MirEval Analyzes: 1 StructureMirEval Analyzes: 1. Structure

• Triplet SVM (Xue et al. 2005)
– Positive/negative training set (human)

– Uses word frequencies statistics to classify sequence 
into pre‐miR/other

• Structure‐based classifier
– Our RNAforester‐based clustering
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MirEval Analyzes: 2 ConservationMirEval Analyzes: 2. Conservation

• Genomic Evolutionary Rate Profiling (GERP)
– Blast vs Genomes

– Retrieves Genomic location

– Get GERP score from Ensembl 

– (Score is based on 10‐way Vertebrate alignment)
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MirEval Analyzes: 3 Gene locationMirEval Analyzes: 3. Gene location

• Location in a miR cluster?
– Retrieve genomic location

– Retrieve all annotated miRNAs in Ensembl region
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MirEval Analyzes: 4 HomologyMirEval Analyzes: 4. Homology

• Homologous miRNAs?
– Slice sequence into 1000 nt segments

– Blast vs miRbase using online tool
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Reduced maintenanceReduced maintenance

• All analyzes outsourced, except structure

• 149 000 mirEval runs between dec 2007 and sept 
2008.2008.

[ritchie@obelix mireval]$ wc logs[ritchie@obelix mireval]$ wc logs 
149139 2888970 23740472 logs
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Merci!

IGM Orsay

Institut de Génétique et Microbiologie 26
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